Background Studies suggest that the collagen degeneration and disordered arrangement of collagen fibers in rotator cuff tears are associated with an increase in activity of matrix metalloproteases 1 and 3 (MMP-1 and MMP-3), and that MMP activity may be in part genetically mediated. The degree to which this might be clinically relevant in patients with rotator cuff tears has not been well characterized.
Introduction
Tendon degeneration is mediated by matrix metalloproteases (MMPs), cytokines, and free radicals that act on the extracellular matrix, altering its composition and biomechanical properties [22] . MMPs are enzymes capable of degrading collagen fibers and other elements of the extracellular matrix [9] . MMP-1 is a protease that breaks down type I collagen fibers [28] . MMP-3 is involved in regulation and activation of the MMPs. In addition to this activity, MMP-3 is capable of degrading Types II, IV, V, IX, and X collagen, proteoglycans, fibronectin, and elastin [11] . The production and activation of the MMPs are induced by cytokines, growth factors, and cell-cell and cell-matrix interactions [9] . Some single nucleotide polymorphisms (SNPs) in the MMP gene promoter region are correlated with an increase in activity and production of these enzymes [25, 33] . SNPs of MMP-1 and MMP-3 were previously correlated with tendinopathy of the posterior tibial tendon and the Achilles tendon [12, 31] .
The etiology of a rotator cuff tear is a multifactorial process, and various extrinsic and intrinsic tendon factors have been proposed to explain it [20] . There is no consensus regarding the main factors, and there appears to be an interaction among them [7, 22] . Extrinsic factors include bony impingement and morphologic variations in the coracoacromial arch such as a curved or hooked acromion and os acromiale [22] . Intrinsic factors include tendon degeneration, tissue hypovascularization, and local inflammatory responses [22, 41] . In the pathogenesis of a rotator cuff tear, we found a decrease in synthesis and an increase in degradation of collagen fibers associated with an increase in activity of MMP-1 and MMP-3 [6, 13, 27, 40] . There is evidence that genetic factors may be involved in the etiology of rotator cuff tears [16, 36] . Recently, some SNPs were associated with tendinopathy or rotator cuff tear [17, 24, 37, 38] . However, we have not found any studies that exclusively evaluate the association of the genetic polymorphism of the MMPs and rotator cuff tears, despite the relevance of these enzymes in their pathophysiology.
Therefore, we asked: (1) Is genetic polymorphism of MMP-1 and MMP-3 associated with rotator cuff tears? (2) Are there haplotypes of MMP-1 and MMP-3 correlated with rotator cuff tears? (3) Compared with control subjects, do patients with rotator cuff tears have a higher proportion of relatives with the same disease?
Materials and Methods
We performed a case-control study with a ratio of one to one. We evaluated patients younger than 65 years who underwent repair of full-thickness rotator cuff tears at our institution between June 2014 and December 2015. Patients with rheumatologic disease, diabetes, previous shoulder surgeries, or previous or current infectious processes in this shoulder were excluded. Patients with traumatic rotator cuff tears also were excluded as were those with partial tears. The control group consisted of patients who were treated at the same hospital for traumatic disorders without symptoms of shoulder pain and clinical signs of rotator cuff disease. The patients and control subjects were paired by age with a maximum difference of ± 2 years.
The patients and control subjects underwent rotator cuff imaging (MRI or ultrasonography). All control subjects had intact rotator cuff tendons. Patients with rotator cuff tears were evaluated by MRI. Among the controls subjects, 30 of 64 (47%) underwent ultrasonography to assess the integrity of the rotator cuff, and MRI was the imaging method used in 34 of 64 (53%). The tests were performed at our institution's radiology department by the same group of musculoskeletal radiologists (APB, COK, MBR).The study was approved by the local ethics committee. Informed consent was obtained from all patients and subsequently through interview the following data were collected from the patients: age, sex, ethnicity, smoking, presence of high blood pressure, hypothyroidism, tendinopathies in other joints, existence of relatives who previously had treatment for rotator cuff tears, sports with shoulder involvement, and work with repeated and sustained arm abduction.
We evaluated 128 patients, 64 with rotator cuff tears and 64 control subjects (Table 1) . We had no loss of samples during the DNA extraction and genotyping. The patients with rotator cuff tears and the control subjects had a mean age of 54 ± 6 years and 53 ± 6 years, respectively (p = 0.586). Of the patients who underwent rotator cuff repair, 44 (69%) were females, and of the control subjects, 40 (61%) were females (p = 0.577).
The groups did not differ regarding race, smoking, or the presence of high blood pressure (p = 0.692, p [ 0.999, and p = 0.831, respectively). Tendinopathies in other joints were more prevalent among patients with rotator cuff tears (p = 0.016).
DNA from epithelial buccal cells was extracted using the procedure described by Aidar and Line [2] . DNA concentration (ng/lL) was estimated by measurements of optical density 260/280 nm at a ratio greater than 1.9.
The SNPs were identified previously and included in the database of the National Center for Biotechnology Information (http://www.ncbi.nlm.nih.gov/SNP/) with minor allele frequencies greater than 0.2. The MMP genotypes were determined using the PCR-random fragment length polymorphism assays (Table 2) .
PCR primers were done in a total volume of 15 lL containing 100 ng of genomic DNA, 8 lL Taq Green (Amersham Pharmacia-Biotech, Uppsala, Sweden), and 200 nmol of each primer. An 8-lL aliquot of PCR products then was digested with 1 unit of specific enzyme overnight.
The total amount of aliquot of the digest was electrophoresed on 5% agarose at 20 mA. The gel was stained by GelRed TM (Biotium Inc, Fremont, CA, USA). The MMP-1 polymorphism at position -1607 (rs1799750) is characterized by the insertion a base guanine (G), which results in two alleles: 1G and 2G. The allele 2G is represented by the DNA of 118 base pairs and the allele 1G is represented by the DNA of 89 base pairs. The heterozygous genotype has a combination of both alleles.
The MMP-3 polymorphism (rs3025058) is characterized by the presence of five or six adenines in position -1612, resulting in alleles 5A and 6A. Allele 6A is represented by a band of DNA with 129 base pairs and the allele 5A by 97 base pairs. The heterozygous genotype has a combination of both alleles.
The sample size calculation used a level of significance of 5% and power of 80%. At the time this research protocol was elaborated, there were no studies, to our knowledge, regarding the association between the genetic polymorphism of MMPs and rotator cuff tears. Using a rate of 25% of the allele 2G of MMP-1 in the control group [12] , an expected difference of 25% between groups, and 10% loss of samples in the extraction and genotyping of the DNA, 64 individuals were required for each group.
Statistical Analysis
The normality of the data was tested using the ShapiroWilk test. All continuous variables were normally distributed. The continuous variables were presented as means and SD and the categorical variables as absolute value and percentage.
The comparison between the patients and control subjects, in relation to the different variables, was performed using chi-square or Fisher's exact tests in the categorical variables and Student's t text in the continuous variables.
The difference in frequency of the alleles and genotypes of MMP-1 and -3 was evaluated in patients with rotator cuff tears and control subjects by the chi-square test. The probability of an association with rotator cuff tear was calculated as the odds ratio (OR) for the different genotypes with a 95% confidence interval.
The program ARLEQUIN Version 2.0 (Laurent Excoffier CMPG, Institute of Ecology and Evolution, University of Bern, Bern, Switzerland) [34] was used for the analysis of Hardy-Weinberg equilibrium in the population studied. The distribution of genotypes of the study subjects was in the Hardy-Weinberg equilibrium. For the data analysis, we used SPSS 1 Version 21.0 (IBM Corp, Armonk, NY, USA) with a level of significance of 5%. Continuous data = means ± SD; categorical data = number (%). 
Results

Genetic polymorphisms in
Discussion
Rotator cuff tendinopathy is the main cause of shoulder pain [23] with rupture of these tendons occurring in 20% of the population [43] . The pathophysiology of rotator cuff tear is a multifactorial process and there is evidence that genetic factors may be involved in the etiology of rotator PCR-RFLP = polymerase chain reaction-restriction fragment length polymorphism; MMP = matrix metalloprotease; SNP = single nucleotide polymorphism; F = primer forward; R = primer reverse; bp = base pairs.
Volume 475, Number 7, July 2017 MMP Polymorphism is Associated With RCT 1907 cuff tears [17, 24, 37, 38] . It is likely that a certain number of genes may be involved in the development of a rotator cuff tear, each one making a small contribution. Complex interactions occur between the proteins, encoded by multiple genes, and the environment in the development of these lesions [35] . Similar to the findings of studies that evaluated patients with lower limb tendinopathies [12, 31] , the genetic polymorphism of MMP-1 and MMP-3 is associated with rotator cuff tears. Our study has some limitations. For a genetic study, the sample with 128 individuals evaluated could be considered small. Studies with larger samples, or in other populations, should be conducted to confirm the association of these polymorphisms with rotator cuff tears. There is a lack of standardization in the imaging examinations used to confirm the integrity of the rotator cuff in asymptomatic individuals; either MRI or ultrasonography was used in the evaluation. However, only Kluger et al. [17] performed rotator cuff imaging to confirm the integrity of the tendon in asymptomatic control subjects, and up to 60% of patients with rotator cuff tears may be asymptomatic [42] . We also can affirm that ultrasonography had similar sensitivity and specificity to MRI in various studies [8, 19, 32] . We did not assess risk factors for rotator cuff tears such as BMI [15] and dominant arm [31] . These factors that were not evaluated could act as confounding factors in our analysis. However, known risk factors for rotator cuff tears, such as age [39] , sex [32] , smoking [4] , white ethnicity [17] , presence of systemic arterial hypertension [14] , hypothyroidism [26] , professional activity with repetitive efforts with the shoulders [5] , and sports with use of the upper limbs [29] , did not differ between the two groups we studied, which show that the criteria for obtaining the sample were satisfactory. We conducted an interview to collect data regarding existence of relatives who previously had treatment for rotator cuff tears and presence of tendinopathies in other joints. Patients with rotator cuff tears should probably have better information regarding their personal and familial orthopaedic diseases, leading to a recall bias. As the information was reported by the patient, the diagnoses also may be inaccurate. This may have increased the association between these risk factors and rotator cuff tears.
Our study showed that the genetic polymorphisms of the MMP-1 (rs1799750) and MMP-3 (rs3025058) are associated with rotator cuff tears. The genotypes 1G/2G or 2G/ 2G in position -1607 of the MMP-1 gene were risk factors for the development of rotator cuff tears in relation to the individuals with genotype 1G/1G. The individuals with genotype 5A/5A in position -1612 of the MMP-3 gene were more susceptible to rotator cuff tears. The allele 2G of the MMP-1 polymorphism in position -1607 (rs1799750) increases the transcriptional activity of the gene [33] . This finding provides a molecular basis for the degradation of collagen fibers and increase in MMP-1 activity found in previous histopathology studies of patients with rotator cuff tears [6, 13, 18, 27, 40] . Allele 5A of the MMP-3 (rs3025058) increases the transcription of this gene [44] , and some previous studies reported higher production of MMP-3 in patients with rotator cuff tears in relation to asymptomatic patients [1, 6, 27] . However, the transcriptional activity of the MMP genes is not only associated with polymorphisms of the single nucleotide in the promoter region. The baseline production of MMPs is low, and synthesis is induced by cytokines such as interleukin-1 and tumor necrosis factor, growth factors, and cell-cell and cell-matrix interactions [9] . Unlike our study, Kluger et al. [17] , found no differences in the distribution of the MMP-1 and MMP-3 alleles and genotypes. In the case of MMP-1, the polymorphism studied was rs17884110, different from that evaluated by us. In relation to MMP-3, however, the polymorphism evaluated was the same (rs3025058). The lack of agreement between the results may be explained by the smaller number of individuals evaluated, nonpairing between patients and control subjects for age, and known risk factors such as high blood pressure, and racial and genetic characteristics of the population.
Some groups of genetic polymorphisms in adjacent loci on the same chromosome can be inherited in combination; they are called haplotypes. Genetic polymorphisms may act synergistically, increasing the risk for development of tendinous alterations [30] . MMP-1 1G/2G and MMP-3 5A/ 6A SNPs are located on chromosome 11q22.3 and there is a high linkage disequilibrium between these two genes [21] . Individuals with the haplotype 2G/5A were more likely to have rotator cuff tears develop.
Initial studies showed that relatives of individuals with rotator cuff tears have a higher risk of having the same disease [16, 36] . Harvie et al. [16] reported that siblings of patients with full-thickness rotator cuff tear had a relative risk of 2.42 (95% CI, 1.77-3.31) of having such tears in relation to the control group. Tashjian et al. [36] evaluated the genetic predisposition for rotator cuff tears using the Utah Population Database. They observed that second-or third-generation relatives of patients with rotator cuff tears who were younger than 40 years were more likely to experience the same lesion. We found a much higher proportion of patients with family histories of rotator cuff treatment than control subjects with that same history; these findings suggest a familial and genetic predisposition for rotator cuff tears. However, recall bias may have influenced this finding and future cohort studies might more extensively evaluate this association.
Knowledge of the genetic markers related to rotator cuff tears can enable identification of susceptible individuals and increase understanding of the pathogenesis of tendon degeneration. Experimental studies have shown that the use of modulators or inhibitors of MMP's activity may influence tissue healing of the rotator cuff repair [3, 10] . In the future, investigation of other genetic markers could define and standardize all genes at risk for this disease, and thus create adequate conditions for the development of individualized preventive and therapeutic strategies, such as the use of MMP inhibitors in patients susceptible to rotator cuff tears or who underwent repair of these lesions to increase the probability of tendon cicatrization and resistance.
The genetic polymorphism of MMP-1 and MMP-3 is associated with rotator cuff tears. Individuals with haplotype 2G/5A were more susceptible to rotator cuff tears in the population studied, and patients with rotator cuff tears have a higher proportion of relatives with the same disease compared with controls subjects.
